Abstract-This paper presents an aggregation of simulated models for a wireless data acquisition system. The model consists of key units that were simulated using SIMULINK. The output signal from the transmitter was encoded to digital signal based on one of the Pulse Coding Modulation (PCM) algorithms. At the receiver end, the signal is demodulated and processed to extract the spectrum of the original analogue signal which is converted to voltage for position tracking purposes. The performance of the radio frequency (RF) unit through additive White Gaussian Noise (AWGN) channel was examined by estimating the average Bit Error Rate (BER) for different carrier frequencies. The effect of the multi-path fading in a lossy medium was also considered. The receiver model was based on the assumption that the transmitter is omnidirectional and is transmitting at 433MHz.
I. INTRODUCTION
Wireless communication is a viable and cost-effective method of transmitting data over long distances, through electrically noisy environments. A number of telemetry-based medical systems have been developed for different implanted applications [1, 2, 3] . However, the costs of customized health care delivery have increased by up to 400% in the last 5 years. Although some aspect of hospital or nursing home care can be delivered in the patient's home, professional services such as clinical and medication monitoring are still required, and cannot be eliminated. Advances in wireless and Internet technology are developing rapidly. This has opened new opportunities for the health services to reconsider the traditional model of patient care [4] . In the next 25 years, the global population over the age of 65 will increase by 88% [5] . The challenge here is to raise or at least maintain the present level of health care provision at an affordable cost. The fact that a new and increasing generation of researchers and manufacturers are now involved with works on wireless technology applications for medical devices have helped to improve the quality and hence reduce the overall costs of patient care. One of the areas in healthcare where wireless technology can be utilized is patient monitoring and tracking. The received signal strength indicator (RSSI) values from a radio transceiver have been successfully employed in surveying and in telecommunications to tracking moving objects [6] . This is also currently being extended into medical diagnostics apparatus [7] . RSSI is a measure of the power received by a radio receiver from a radio transmitter and provides information as to the proximity of the transmitter. Indeed, RSSI is location dependent as it is affected by factors such as distance from the transmitter and attenuation due to medium of propagation and other barriers. Usually for RSSI based localization, the data being sent across from transmitter to receiver is unimportant. The significant information is the absolute values of the RSSI.
II. SYSTEM OVERVIEW The prototype of a typical application for tracking an object or a capsule in medical diagnostic application is shown in Fig.1 . Here, a capsule object is immersed in a fluid having the same permittivity and conductivity as those found inside the lower region of the gastrointestinal (GI) tract. It is subject to move freely inside the tube while transmitting radio signals at a regular interval.
It is physically possible to model the conductivity and permittivity of the tissues of the organs present in the lower region of the human body [8] by altering the conductivity and permittivity of water using analytical-grade NaCl and distilled water mixed at the ANSI recommended ratio of 1.8 g/l or 0.18% NaCl at 21°C [8] . To make adequate volume, 30.6g of salt were added to 17 liters of distilled water (17 liters x 1.8 g/liter = 30.6 g). NaCl may be checked for moisture concentration by putting it in the oven set at 200°C for 30 min. 
A. FSK Transmitter Model
A simple Frequency Shift Keying (FSK) modulator is simulated and implemented using SIMULINK In the model, a uniform random number generator is employed to output a random bit stream of 0 and 1's with a specific data rate. The input voltage of the Voltage Controlled Oscillator (VCO) is shifted either to ± 0.5 instead of 0 or 1. This is implemented in order to get an equal frequency shift for both tones by multiplying this input value by the sensitivity of the VCO. The power amplifier (PA) is modeled as a non-linear unit since it exhibits a higher efficiency of 60% for some of the power efficient modulation techniques such as the FSK [9] . This follows from the fact that the FSK waveforms have no abrupt phase change and exhibit a constant envelope. Therefore the FSK signals can be amplified by means of nonlinear PA's with no spectral re-growth.
B. Modeling Channel Propagation Effects
One of the challenges in channel modelling is the translation of the detailed physical propagation into a form that is suitable for simulation.
The SIMULINK is a powerful tool that has huge advantages in being able to build realistic mathematical models. In Fig.2 , a propagation channel model for a single path FSK signal is shown, featuring Additive White Gaussian Noise (AWGN) and short distance (1cm -10cm) path loss.
The model's transmission channel consists of the AWGN and the Free Space Path Loss blocks. The AWGN Channel block adds white Gaussian noise to a real or complex input signal. When the input signal is real, this block adds real Gaussian noise and produces a real output signal. When the input signal is complex, this block adds complex Gaussian noise and produces a complex output signal. This block inherits its sample time from the input signal. The signal inputs can only be of type single or double. The port data types are inherited from the signals that drive the block. The variance of the noise generated by the AWGN Channel block can be specified with Es/No, being the ratio of signal energy to noise power spectral density. The block calculates the variance from these quantities that was specified in the configuration dialog box: For real signal inputs, the AWGN Channel block relates Es/No and SNR according to the following equation: (1) By the Distance (km) and Carrier frequency (MHz) parameters, if distance and frequency are specified in the Mode field or (2) By the loss (dB) parameter, if decibels is specified in the Mode field. The input to this block must be a complex signal.
The Differential Encoder/Decoder block encodes/decodes the binary input signal. The output is the logical difference between the present input and the previous input [13] . More specifically, the block's input and output are related by m(t 0 ) = d(t 0 ) XOR Initial condition parameter value m(t k ) = d(t k ) XOR d(t k-1 ) where d is the differentially encoded input. m is the output message. t k is the k th time step. This block processes each vector element independently.
C. Modeling the RF Receivers
The block diagram of the received signal strength indication (RSSI) based receiver model is as shown in Fig. 3 . The receivers are capable of reading the level of the signal traveling through the transmission channel to the receivers where the received signals are converted to voltage by the model integrators. Of course, to be useful, the converted voltages need to be translated to position information at a regular time interval. However, this functionality is outside the scope of this paper
C1 Receiver Input model
As shown in Fig. 3 , the Bernoulli Binary Generator block generates random binary numbers using a Bernoulli distribution. The Bernoulli distribution with parameter p produces zeroes with probability p and ones with probability 1-p. The Bernoulli distribution has mean value 1-p and variance p (1-p) . The Probability of a zero parameter specifies p, and can be any real number between zero and one. The output signal can be a frame-based matrix, a samplebased row or column vector, or a sample-based onedimensional array. These attributes are controlled by the Frame-based outputs, Samples per frame, and Interpret vector parameters as 1-D parameters. Random values from the Bernoulli generator are increased or decreased at various times during transmission by using the uniform random generator block. The digital signal inputs (bits) into the Gaussian minimum shift keying method (MSK) modulator block are first subject to software alteration inside the dBm-to-mVolt converter. The resulting 1-D parameter streams are subject to modulation and demodulation at the GMSK blocks. The GMSK Modulator Baseband block modulates using the Gaussian minimum shift keying method. The output is a baseband representation of the modulated signal. The input into a GMSK can be either a scalar or a frame-based column vector. If the Input type parameter is set to Integer, then the block accepts values of 1 and -1. If the Input type parameter is set to Bit as in this case, then the block accepts values of 0 and 1. Likewise, if the Output type parameter is set to Integer, then the block produces values of 1 and -1. If the Output type parameter is set to Bit, then the block produces values of 0 and 1.
C2 Receiver Output model
The output subsystem is essentially an output taken from a Periodogram block. The Periodogram block computes a nonparametric estimate of the spectrum. The block averages the squared magnitude of the Fast Fourier Transform (FFT) computed over windowed sections of the input and normalizes the spectral average by the square of the sum of the window samples. The Window type, Stopband ripple, Beta, and Window sampling parameters all apply to the specification of the window function. Outputs from the periodogram block are subject to the 'generatedB' matlab function to convert the input to a dB representation using standard methods i.e. 
A BER-Es/No (Bit error rate vs. the ratio of signal energy to noise power spectral density)
A voltage representation of the input -to -output model is also generated by a separate matlab function as shown in Fig.  3 consisting of all the intermediate blocks to transform the input analog signals to voltage and or power-related information (dB).
B Output (RSSI) -Output (dB) at selected BER
The bit error rate (BER) parameter is used to assess the performance of the transceiver. The Error Rate calculation block compares input data from the transmitter with input data from the receiver. It calculates the error rate as a running statistic, by dividing with the total number of unequal pairs of data elements by the total number of input data elements from one source. This block can be used to compute either symbol or bit error rate (BER), because it does not consider the magnitude of the difference between input data elements. We have used Error Rate calculation block to compute the BER in our model since the inputs are bits. If the inputs are symbols, then it computes the symbol error rate (SER). The BER is used here to assess the sensitivity of the transceiver over the range of Es/No values subject to the optimum path loss configuration chosen for our model. The resulting graphs show the best region for optimum performance of the test/target transceiver. Fig. 4 is a graph of the transfer function of the transceiver model at input power 1W, Es/No = 20dB, and -15dB path loss. Also, this diagram indicates the region of optimum performance at the seleected configuration.
The result of the simulated segments of the radio frequency units shown in the previous sections confirms that a linear relationship exists between path loss and transmitted power at a certain BER. Within the range of experimental values, optimum values for the models were realized at BER between 20 and 30dB. Experimental measurements show that the true output voltage obtained from the received signal strength (RSSI) terminals, follows a linear relationship with distance for optimum path loss. Also, the simulated radiation pattern of the dipole antenna at about 10cm is reasonably omnidirectional. This can be utilized for RSSI-based tracking purposes with reasonable accuracy. Although the range of results obtained conforms to hardware characterization to a reasonable extent, it is understandable that practical implementations will introduce some unforeseen variations in the final results due to the effects of noise, interference and hardware. This was not investigated in detail in this work since the requirement for stable, near omnidirectional radiation pattern were achieved.
IV. SUMMARY
We have concluded that a linear relationship exists between path loss and transmitted power at a certain BER. It was also observed that the true output voltage obtained from the received signal strength (RSSI) terminals, follows a linear relationship with distance for optimum path loss.
